Participating factors in the uptake of liposomes by the liver were examined in a small-volume circulating perfusion system. The volume of the perfusate was 23 ml , which corresponds to the blood volume of the rat. It is considered that this system is suitable for examining the factors participating in the uptake in vivo. An indispensable factor for the uptake was found in fresh serum, and the uptake proportionally depended on the amount of the factor in serum. The properties of the factor were investigated with serum pretreated in various ways. The experiment with preheated serum indicated that the factor is very heat-sensitive and may be a protein. When serum was dialyzed with a cellulose membrane, the activity penetrated through the membrane, and its molecular weight was concluded to be below 17000 daltons. The sum of the activities on both sides of the membrane in equilibrium dialysis was almost equal to that in fresh serum. This strongly suggests that the factor does not participate cooperatively with other factors in the uptake. The uptake activity disappeared when serum was incubated with liposomes at 38 °C for 5 min in advance. The interaction of the factor with liposomes appears to be very fast and irreversible.
Results and Discussion
Uptake of Liposomes by Perfused Liver Time courses of liposomes in the perfusate during circulating liver perfusion with Krebs solution, whole blood and serum are shown in Fig. 2 . When whole blood was used as the perfusate, fresh blood was diluted with Krebs solution (10 ml of whole blood in 23 ml of perfusate; hematocrit 20%) for convenience of perfusion. The concentration of serum was 5.4 ml/23 ml of perfusate, taking into account the serum volume in 10 ml of blood.
As shown in Fig. 2 , a rapid decrease of radioactivity in the perfusate was observed in the initial phase in all experiments. This is due to the dilution with the Krebs solution remaining in the liver before the circulating perfusion even after correction for the dead volume of the tubing used in the system. Thereafter, no disappearance of radioactivity was observed in the perfusate of Krebs solution. On the other hand, substantial activity disappeared from the perfusate containing whole blood or serum, though no significant difference was found between whole blood and serum. Remaining radioactivity in the liver after 12 min of perfusion is shown in Fig. 3 in the experiments. About 8% of the radioactivity used in the perfusion with Krebs solution was found in the liver at the end of perfusion. On the other hand, remaining radioactivity with whole blood and serum amounted to 27.4% and 30.0%, respectively. The difference between the results with Krebs solution and whole blood or serum is significant (p <0.01) and that between whole blood and serum is not (p > 0.05). These results suggested
that some component(s) in the serum is essential for the uptake of liposomes by the liver , and blood cells are not required for the uptake in the present system. The observed radioactivity in the liver after the perfusion with Krebs solution seems to be due to the remaining perfusate containing liposomes in the liver at the end of perfusion, corresponding to the blood volume in rat liver. Therefore, all later data on the uptake of liposomes by the liver are expressed as corrected values by subtracting the radioactivity in the perfusate remaining in the liver vessels .
Effect of Serum Concentration
The effect of serum volume contained in the perfusate on the uptake of liposomes by the liver was examined. Amount of liposomal radioactivity taken up by the liver (corrected for the perfusate volume remaining in the liver) after perfusion with perfusate containing 0.68, 1.53, 2.7, 5.4 and 10.8 ml of serum are shown in Fig. 4 as percentages of the initial load . The uptake showed a linear increase up to 5.4 ml of serum. This result indicates that the uptake activity is proportional to the amount of the factor in serum. However, at 10.8 ml of serum the uptake did not increase as expected, apparently because of saturation in this system . The saturation 
Conclusion
The results of the present study on the uptake mechanism of liposomes by rat liver with the small-volume circulating perfusion system may be summarized as follows. 1) An indispensable factor for the uptake of liposomes is present in serum.
2) The uptake proportionally depends on the amount of the factor.
3) The factor is a heat-sensitive proteinous substance.
4) The molecular weight of the factor is less than 17000 Da and it may participate in the uptake independently of other factors.
5) The interaction of the factor with liposomes is very rapid and is irreversible.
6) The factor may be dominant in the in vivo uptake by the liver. It is not clear whether the interaction involves binding of the factor on the liposomal surface, as in the case of opsonin, activation of liposomes with consumption of the factor, as in the case of complement, alteration of the liposomal properties (e.g. aggregation), or others. More detailed studies on the interaction of the factor with liposomes , identification of the factor and a kinetic study on the correlation of in vivo and in situ uptakes are in progress .
